Barrett's esophagus (BE) refers to an abnormal change (metaplasia) in the cells of the inferior portion of the esophagus. About 10% of patients with symptomatic gastroesophageal reflux disease (GERD) have BE. In some cases, BE develops as an advanced stage of erosive esophagitis. The risk of esophageal cancer appears to be increased in patients with BE. The only way to diagnose BE is by endoscopy and histology. Some studies suggest that intensive treatment of Barrett's esophagus with effective acid suppression can reduce the amount of abnormal lining in the esophagus. It is not clear whether such treatment also prevents esophageal cancer. Generally, the cancer starts out as carcinoma of the esophagus on the surface, and then invades the surrounding tissue. Surgery offers the best chance of long-term survival. There are many events that occur in Barrett's esophagus that lead to the development of cancer and most of them appear to occur early, before high-grade dysplasia or cancer develops. No one knows what the late events are and how cells acquire the ability to leave their normal growth boundaries. It is now widely accepted that the development of most cancers is due to something called genomic or genetic instability. The aim of this review is to show BE pathology in its progression to cancer looking for new biomarkers to distinguish between BE -dysplasia (low grade and high grade)-adenocarcinoma (ADC) and to characterize the ADC, giving more hope for its treatment.
INTRODUCTION

Barrett's esophagus -A pathological view
The pioneer thoracic surgeon Norman Barrett (1903 Barrett ( -1979 ) is chiefly remembered for his description of the esophagus lined by columnar epithelium, a condition subsequently referred to as Barrett's esophagus (BE). Barrett's epithelium is now the subject of intensive clinical and biological study. It is the most important known risk factor for adenocarcinomas of the esophagus and gastric cardia (sometimes termed Barrett's carcinomas or adenocarcinomas). These cancers are increasing in incidence at a dramatic rate in many Western societies, especially among white men (1) . The 2008 updated guidelines for the diagnosis, surveillance and therapy of BE endorsed by the American College of Gastroenterology (ACG) defines BE as "a change in the distal esophageal epithelium of any length that can be recognized as columnar type mucosa at endoscopy and confirmed to have intestinal metaplasia by biopsy of the tubular esophagus" (2) . The definition of BE varies worldwide, particularly with regard to the need to identify goblet cells in esophageal biopsies in order to diagnose this condition (Fig. 1 ). Most authors, including us, consider intestinal metaplasia as the epithelial type that facilitates cancer development. In literature it has been demonstrated that a Barrett adenocarcinoma may also arise in a cardiac-type background mucosa, without goblet cells. In fact, in the series reported by Takubo et al. (3) more than 70% of small primary adenocarcinomas of the esophagus were located adjacent to cardiac/fundic-type rather than to intestinal-type mucosa. This point of view is also reported by Riddel and Odze (4) .
At present, it is unclear to what extent the goblet and non-goblet cell population in patients with BE are related. Most authorities define "intestinal metaplasia" by the presence of goblet cells even though absorptive cells, endocrine cells, and Paneth cells may all be present in patient with BE.
Influence of genetics on tumoral pathologies: The example of the adenocarcinoma arising in Barrett's esophagus
However, emerging evidence suggests that the background non-goblet columnar epithelium in BE may, in fact, already be "intestinalized" (5) by revealing positivity for a variety of peptides, such as CDX2, Hep Par 1, Villin and DAS-1, which represent proteins and transcription factors specific for intestinal differentiation in the normal gastrointestinal tract.
Problems related to the need to identify goblet cells to diagnose BE include the facts that goblet cells are uncommon in pediatric patients with BE and that the sampling error is a major limitation to the diagnosis of BE in endoscopically obtained mucosal biopsies.
There are many events or steps that occur in BE that lead to the development of cancer. A few of these events are known but most are not. Most of the known events appear to occur early, before high-grade dysplasia or cancer actually develops.
No one knows what the late events are that give cells the ability to leave their normal growth boundaries and become a cancer. It is now widely accepted that the development of most cancers is due to something called genomic or genetic instability. This theory was first proposed by Dr. Peter Nowell in 1976. The theory is that for some unknown reason, perhaps due to environmental factors or inherited factors, some cells in the body develop genetic abnormalities that give them the ability to outgrow genetically normal cells. These abnormal cells grow and expand into a clone of cells (a group of cells having the same genetic make-up) and may replace their neighboring normal cells. Eventually one of the abnormal clones may undergo another genetic change that leads to the development of a sub-clonal population with the expansion of this cell line into its own large clone of cells. As multiple genetic abnormalities occur, multiple sub-clones develop or evolve. Eventually, one of these sub-clones may acquire the necessary combination of genetic abnormalities to become a cancer. Cancer in BE develops in a linear fashion from metaplasia to dysplasia to cancer. This progression occurs through clonal evolution similar to that proposed by Nowell, but has been shown to be more complex, with multiple subclones developing in the Barrett's tissue prior to the development of cancer. Flow cytometric abnormalities can be detected early in BE and before the development of high-grade dysplasia and cancer. These abnormalities include increased 4N and aneuploid cell populations. Genetic abnormalities in the p53 and p16 genes with loss of function in these genes, occur even earlier than flow cytometric abnormalities. Previous research (Fig.2) showed that p53 gene and p16 gene abnormalities are present in the vast majority of patients with a Barrett's associated cancer. P53 gene abnormality greatly increases the risk of developing cancer in BE, while p16 gene abnormalities are the earliest gene abnormalities so far detected in BE, present in more than 85% of Barrett's linings. It is hypothesized that p16 abnormalities contribute to the expansion of Barrett's cells along the surface of the esophagus, as well as to the expansion or spread of additional gene abnormalities that occur during progression to cancer in BE. Other genes develop abnormalities in the progression to BE but their relationship to flow cytometric abnormalities or the development of cancer is less clear than those of p53 and p16. Identification of additional genes will lead to a better understanding of how cancer develops, tests to determine who is at risk for developing cancer, and better therapy in the treatment of cancer and BE.
From metaplasia to adenocarcinoma
It is well known that metaplasia is a conversion of one cell type to another (6) and it seems that metaplasia predisposes to the development of dysplasia and subsequently neoplasia. For this reason understanding the steps leading to cancer and studying prognostic and diagnostic markers for tumor progression provide novel target for gene therapy. Nowadays a lot of techniques help us in studying the cancer development such as comparative genomic hybridization (CGH), fluorescence in situ hybridization (FISH), polymerase chain reaction (PCR), immunohistochemistry (IHC); but some of the last methodologies (gene microarrays, gene expression profiling) allowed us to identify more genes specifically involved in this process (7) . The cause of metaplasia is presumably a chance in expression of genes whose normal function is to distinguish the two tissue types in normal development (6) . P63, a member of the p53 family of transcription factors, seems to have a role in the normal development of the esophageal epithelium suggesting it could be one of the master switch genes. Barrett's metaplasia shows multiple genetic alterations. Only about 10% of individuals with reflux develop BE, indicating that additional factors are involved in this progression. A comparison of individuals with gastroesophageal reflux disease (GERD) who did and did not progress to BE revealed that those who developed BE had a characteristic profile of risk factors. The main one of these was bile reflux, but hiatal hernia, defective lower esophageal sphincter pressure, and longer episodes of reflux were the other key determinants (8) . Presumably, not a single gene might be able to discriminate those patients that will progress to high grade dysplasia (HGD)/adenocarcinoma (ADC). Some investigations (9) show that the selection of markers based on DNA array experiments may provide molecular criteria for discrimination of pathologic conditions of esophageal epithelium and that the expression analysis of a limited number of highly selected genes may have clinical usefulness for the treatment of patients with this disease. The genes involved in the development of Barrett's metaplasia seem to be: p16, APC, Rb, p53, DCC which are lost in this early step. Moreover, cyclin D1 could be amplified, p53 mutated, APC hypermethylated and Bcl2, iNOS, COX-2, CDX2, SRC, SKI, SnoN overexpressed (9) (10) (11) .
Aneuploidy (abnormal chromosome numbers) has been strongly associated in disease progression and predicts ADC development (12) . Aneuploidy has been detected in ADC, dysplastic tissue and metaplastic Barrett's epithelium (13) but others authors suggested that aneuploidy characterizes more the dysplastic and the tumor development then the metaplastic step (14) . Cell signalling genes such as HER-2 (also called ERBB2, HER-2/neu, NEU), EGFR, TGFa gene, Kras seems to be overexpressed/amplified in adenocarcinomas arisen in BE but not in metaplasia, appearing to be a late event (9, 15) . Conversely, TFF1, MUC5AC, meprin A and sucrose isomaltase are always positive in non dysplastic BE and negative in dysplasia (16) . Recent data suggest that the stem cells of gastrointestinal tumors may express the same stem cell markers as the normal intestinal epithelium. At the moment, no markers of stem cells in metaplastic BE has been identified. However, since the epithelium of BE is a form of incomplete intestinal metaplasia, perhaps Lgr5 and DCAMKL-1 may be use in the search for stem cells in BE and esophageal ADC (17) . Development of ADC in BE follows a characteristic metaplasia-dysplasia adenocarcinoma sequence.
Two patterns of Barrett dysplasia have been recently described (18) : adenomatous (type I) and non-adenomatous (type II or foveolar type). The former is said to account for the majority of cases, while the latter is uncommon and it has been less characterized.
Adenomatous-type dysplasia is composed of glands or villous structures lined by tall columnar cells with hyperchromatic nuclei and dense eosinophilic cytoplasm; goblet cells are often identified. Foveolar type dysplasia is characterized by cuboidal to columnar cells with pale clear to light eosinophilic cytoplasm and round to oval nuclei; goblet cells are absent. Regarding immuphenotype, MUC2, CDX2 and villin are markers of intestinal differentiation and so are useful to diagnose type I dysplasia; by contrast, foveolar type dysplasia commonly expresses MUC5AC. Brown et al. (18) placed emphasis on these different pathological entities, highlighting the importance of the morphological subclassification of BE dysplasia into adenomatous and gastric foveolar types. In particular, the foveolar dysplasia should be taken into consideration, as part of a nonintestinal neoplastic pathway.
Dysplasia is classified in low and high grade dysplasia (LGD and HGD), depending on the severity of atypical cytological alterations and nuclear polymorphism.
LGD means that there are some atypical changes but these changes do not involve most of the cells, and the growth pattern of the glands is still normal. In LGD some of the nuclei, less than 50%, are large and have dark spots but the cells are still growing in an even row. Some cells are dividing (a process called mitosis which usually indicates increased growth rate), but very few. HGD is considered the most advanced dysplasia with atypical changes in many of the cells and a very abnormal growth pattern of the glands. In HGD, the growth pattern of the glands, or rows of cells, are distorted or very irregular. Some of the glands are branching or budding. More than 50% of the cells have large spotted nuclei and are frequently dividing. The number of alcian blue staining goblet cells is reduced. The cellular cytoplasm is reduced and looks abnormal. It is well known gastrointestinal reflux is the principal trigger for this sequence but the histological assessment of dysplasia and prediction of cancer risk is subjective and depends on inter-observer variability (19) . The progression from metaplasia through dysplasia to cancer appears to be a multi-step process with accumulation of somatic mutations. The development of aneuploidy seems to play an important role (14, 20) and some authors suggested that abnormal DNA ploidy status is a prognostic factor for BE progression into ADC (21) . Changes in cellular DNA content and expression levels of p53 and Ki67 in BE are associated with the development ADC and might serve as markers to identify ADC at an early stage (22) . E-cadherin decreased expression and APC gene inactivation also seems to be involved in dysplasia steps and evolution (23) . Moreover, some authors proved that b-catenin can be helpful for a diagnosis of LGD in BE, although it stains positively in a subset only, whereas p53 remains an appropriate marker to define HGD. In case of doubt, cyclin D1 can be added to separate LGD from HGD in BE (24) while Scheil-Bertram and colleagues (25) investigated alpha-methylacyl coenzyme A racemase (AMACR) proving this might be a new diagnostic marker for dysplasiacarcinoma sequence in Barrett's low-grade neoplastic lesions. In addition, topoisomerase II (TOPOII ), S100A9 and lipocalin-2 resulted up-regulated and overexpressed by microarray analysis, RT-PCR and IHC (16) in ADC. In some studies it was proved that the amplification/overexpression of HER-2 characterizes the presence of dysplasia (15) . Finally, dysplasia is the most predictive marker for risk of esophageal ADC, whereas endoscopic and histological diagnoses are still the gold standard for surveillance of patients with BE. However, both are limited, either by sampling errors in biopsies or by differences in histological interpretation. Several studies try to identify candidate biomarkers that may have predictive value and may serve as additional factors for the risk assessment of esophageal ADC. The major risk factors for esophageal ADC are GERD and BE because they predispose to malignancy (Fig. 2) .
Environmental risk factors for esophageal adenocarcinoma: GERD, obesity, Helicobacter pylori (Hp), alcohol and tobacco GERD and its sequel BE are the major risk factors for esophageal ADC (26, 27) . GERD is thought to be the factor that both injures the esophageal squamous epithelium and provides the abnormal background necessary to healing the reflux esophagitis through metaplasia rather than through the regeneration of squamous epithelium. The specialized intestinal metaplasia of BE appears to be more resistant to acid-peptic damage than the native squamous epithelium, but for reasons that are not clear, is predisposed to carcinogenesis. Indeed, the large majority of esophageal adenocarcinomas appear to arise from this specialized intestinal metaplasia (27) . Obesity has been established as a strong risk factor for esophageal ADC. A recent systematic review of the literature found a positive association between body mass index (BMI) and the risk of esophageal ADC (28) . Other recent data has found a stronger association of esophageal ADC with central (abdominal) obesity than BMI alone and a strong association between central obesity and BE have also been reported (29) . Central obesity may predispose towards GERD by increasing pressure within the abdomen. In addition, obesity may alter circulating levels of pro-proliferative factors so as to promote esophageal carcinogenesis. Hp has been classified by the World Health Organization's International Agency for Research on Cancer as a group I carcinogen for ADC of the distal stomach. In contrast, it seems that there is a significant inverse relationship between esophageal ADC and Hp infection because Hp infection decreases gastric acid secretion and consequently prevents the development of GERD (30) . Unlike esophageal squamous cell cancer where alcohol and tobacco use are strong risk factors, a number of studies have found that there is only a moderate association of tobacco use with esophageal ADC and no clear association with alcohol use.
Molecular pathogenesis of esophageal ADC arising in BE
Metaplasia (the process in which one adult cell type replaces another) is one way in which tissues respond to chronic inflammation. Although the metaplastic cells may be more resistant to the inflammatory insult than the native cells, the metaplasia may also predispose towards malignancy, in other words BE predisposes towards developing ADC by the following steps:
Proliferation without exogenous stimulation
In general, it is the expression of oncogenes that allows cells to proliferate without exogenous stimulation. Proto-oncogenes are normal cellular genes that promote cell growth. Oncogenes are proto-oncogenes that have become overactive as the result of mutation. Examples of oncogenes implicated in the development of esophageal ADC are cyclins D1, E, B1 and A. Cyclins D1 and E, along with their cyclin-dependent kinases (cdks), regulate the pivotal G1 to S transition point in the cell cycle. Cyclin A is expressed during the S and G2 phases, whereas cyclin B1 acts to control the G2 to M transition. Increased nuclear expression of cyclin D1 protein has been detected in biopsy specimens of non-dysplastic Barrett metaplasia, suggesting that it may play an early role in carcinogenesis (31) . In contrast, overexpression of cyclin E has been found in dysplastic Barrett epithelium and in ADC, but not in non-dysplatic BE (32), while expression of cyclin B1 has been detected in nondysplatic and dysplatic BE as well in Barrett ADC. Cyclin A expression has been found to increase as the metaplasia progresses through dysplasia to ADC (33, 34) . In addition to the direct activation of oncogenes, alterations in growth factors, growth factor receptors, or the signaling pathways that mediate growth factor-receptor interactions, can also allow cells to proliferate without exogenous stimulation. For example, increased expression of epidermal growth factor (EGF), transforming growth factor-a (TGF-a) and EGF receptor (EGFR or HER-1) have been found in esophageal adenocarcinomas. Increased expression of TGF-a and the EGFR have been found to occur early in non-dysplastic Barrett epithelium (35, 36) . The role of the oncogenic form of the normal EGFR family member HER-2 in esophageal ADC progression remains controversial. However recent data suggest that HER-2 amplification may be associated with a worse outcome for esophageal ADC. Downstream of tyrosine kinase receptors like EGFR are the Ras proteins (including H-ras and K-ras), which play a central role in the regulation of cell proliferation. K-ras mutations have been reported in 11-40% of esophageal adenocarcinomas (37) .
Resistence to growth-inhibitory signals
Tumor suppressor genes are normal genes that usually function to restrain cell growth. Cells can acquire the ability to resist growth inhibitory signals by inactivating tumor suppressor genes through one or a combination of three mechanisms including mutation of the gene, loss of heterozygosity (LOH, which is a deletion of the chromosomal region containing the gene), or promoter methylation (attachment of methyl groups to the promoter region of genes). Tumor suppressor genes implicated in the progression of Barrett metaplasia to cancer have shown inactivation by all of these mechanisms. Examples of tumor suppressor genes implicated in the development of esophageal ADC include p16, p53, p14ARF, p27, and the APC gene. P16 and p53 proteins normally act to block cell cycle progression at the G1 to S transition and, therefore, inactivation of the p16 or p53 genes enables unregulated cell growth. Allelic loss of 9p21, the chromosomal locus for p16, and methylation of the p16 promoter have been reported in 45-54% of esophageal adenocarcinomas (38) . Moreover, p16 mutation, LOH or promoter methylation has been detected in non-dysplastic Barrett's metaplasia in approximately 80% of cases, suggesting that genetic alterations of p16 are among the earliest events in the neoplastic progression of BE (39) .
Avoidance of apoptosis
Normal cells have the ability to destroy themselves through the process of apoptosis, a genetically regulated, innate form of cell suicide. This process prevents the survival of cells that have sustained cancer-promoting injuries that might threaten the organism. The cellular apoptotic machinery can be triggered by a number of factors including DNA damage, death receptor activation, and metabolic abnormalities. Once activated, the apoptotic machinery leads to cell death through activation of an executioner pathway (40) . Tumor cells must find ways to avoid apoptosis if they are to survive. In addition to its tumor suppressor activity p53 protein also functions as an initiator of apoptosis. Esophageal ADC cell can avoid apoptosis by inactivating p53. Apoptosis also can be initiated when death receptors on the cell surface bind with ligands such as Fas-ligand (FasL) and TNF-related apoptosis inducing ligand (TRAIL). The Fas death receptor is normally found on gut epithelial cells, whereas lymphocytes express both Fas death receptor and FasL, which can bind the Fas receptor on the surface of tumor-killing lymphocytes, thereby destroying the lymphocytes that might attack the cancer cells.
Recently, expression of TRAIL has been found to decrease progressively as metaplastic Barrett epithelium develops dysplasia and carcinoma (41) . Synthesis of an agent that blocks apoptosis is another mechanism whereby cancer cells avoid their own destruction. For example, esophageal adenocarcinomas can exhibit increased expression of cyclooxygenase-2 (COX-2), which has been shown to decrease apoptosis rates in esophageal ADC cells in vitro (42) . COX-2 overexpression also has been detected in benign Barrett metaplasia, and COX-2 expression has been found to increase as the cells progress to dysplasia and carcinoma (43) .
Resistance to cell senescence
Senescence, like apoptosis, is an innate mechanism that limits the proliferation in normal cells. As cells undergo successive divisions, their telomeres, which are short repetitive DNA sequences located at the ends of chromosomes, undergo progressive shortening. Once the telomeres shorten to a critical length, the cell enters senescence, a permanent state of growth arrest. Therefore, for cells to replicate indefinitely (i.e. to become immortal), telomere length must be maintained. Telomerase is the enzyme responsible for the synthesis and maintenance of telomeres. High levels of telomerase expression have been found in esophageal ADC, whereas low expression levels are found in non-dysplastic Barrett epithelium. Moreover, a marked increase in telomerase expression occurred during the transition from LGD to HGD in Barrett epithelium (44) .
Development of new vascular supplies (angiogenesis)
For tumors to grow, they must form new blood vessels to provide nutrients and eliminate metabolic waste products. Vascular and endothelial growth factors (VEGFs) are potent promoters of angiogenesis. VEGF expression has been found to be significantly increased in esophageal adenocarcinomas compared to dysplastic and metaplastic BE and normal esophageal mucosa. Endoglin (CD105), a homodimeric cell-surface glycoprotein component of the transforming growth factor b (TGF-b) receptor complex, has been identified as a proliferation-associated marker of endothelial cells of tissue undergoing neovascularization, such as regenerating and inflamed tissues (45) . Furthermore, it was suggested that CD105 expression correlates closely with cell proliferation markers in tumor endothelial cells (46) . In esophageal ADC, the number of tumor microvessels that are positive for endoglin has been found to correlate significantly with angiolymphatic invasion, lymph node metastasis, and overall prognosis. Moreover, Barrett epithelium with HGD contains a significantly greater number of endoglin-positive microvessels than BE with LGD (47).
Invasion and metastasis
To invade and metastasize, tumor cells must lose their cell-cell adhesion and acquire the ability to degrade the extracellular matrix. Cadherins are a large family of adhesion molecules that are located on the cell surface, where they bind to cadherins on the surface of neighboring cells. The cadherins are anchored in place by binding to catenins, which are attached to the cell cytoskeleton. Loss of cellcell adhesion by failure of cadherins to interact with either the catenins or with other cadherins can predisposes towards invasion and metastasis. As the degree of dysplasia in Barrett epithelium increases, there is a decrease in membranous E-cadherin and b-catenin and an increase in the cytoplasmic and nuclear location of these proteins (47) . Matrix metalloproteinases (MMPs) are a family of proteolytic enzymes that mediate the destruction of the extracellular matrix, allowing for tumor invasion and spread. MMPs-7 and -9 have been found to be increased in non-dysplastic BE, with even higher levels found in dysplastic Barrett mucosa and esophageal ADC (48) .
Treatment of GERD and Barrett's adenocarcinoma
Esophageal acid exposure is important in the pathogenesis of BE, and possibly in the progression of BE to dysplasia and carcinoma. Some studies suggests that PPI therapy is associated with a significant reduction in the risk of developing dysplasia in patients with BE (49), however many cases develop ADC in BE. For this reason there are guidelines for the diagnosis and treatment of gastroesophageal reflux disease. Diagnostic guidelines in GERD address empiric therapy and the use of endoscopy and ambulatory reflux monitoring; esophageal manometry is not mandatory in respect to endoscopy (50) . Treatment guidelines address the role of lifestyle changes, patient directed (OTC) therapy, acid suppression, promotility therapy, maintenance therapy, antireflux surgery, and endoscopic therapy in GERD (51) . Local endoscopic treatment represents an alternative to esophageal resection in the case of intraepithelial high-grade dysplasia and selected early adenocarcinomas in BE. When an ADC appears, the only possibility is surgery, while radiation therapy offers tumor control, however it is more effective on small tumors; and sometimes chemotherapy is added to radiation therapy. If a tumor is blocking the esophagus, laser therapy, photodynamic therapy or stenting may be used to create an opening so that swallowing is easier.
Emerging markers
HER-2 oncogene, TOPOIIa, GATA6
HER-2, a gene located on chromosome 17q11.2-12 and activated by amplification, encodes the epidermal growth factor receptor 2 (HER-2), which belongs to the human epidermal growth factor receptor family. HER-2 is a protooncogene, frequently amplified/overexpressed in breast cancer and in other carcinomas such as adenocarcinomas arising in BE (52, 53) .
It has been shown that HER-2 amplification/overexpression has therapeutic and prognostic implications in breast cancer and other carcinomas (52, 54, 55) , but the association of HER-2 alterations with the histologically proposed metaplasia-dysplasia-adenocarcinoma sequence is controversial. Concerning BE, some studies suggested that HER-2 overexpression is a frequent and early event (35) whereas in others this occurrence was much less common, appearing relatively late in BE tumorigenesis (56) . In particular, HER-2 was negative in all BE cases and positive in 55% of cases with dysplasia and in 24% of cases with associated ADC; other authors, applying locus-specific probe, demonstrated HER-2 gene amplification in 19% or in the 35% of BE with ADC (57) . From a clinical point of view, patients with HER-2-positive tumors, such as ADC arising in BE, had a significantly poor prognosis compared with patients with negative tumors. Therefore, HER-2 (gene/protein) might be used as a prognostic index in patients with these neoplasms.
This seems particularly interesting, because an antibodybased therapeutic approach (trastuzumab) targeting this protein has been reported as an effective adjunctive treatment for breast neoplasms overexpressing HER-2 (57). HER-2 status can be measured by several methods, targeting the protein by immunohistochemistry, Western blotting, enzyme-linked immunosorbent assay, or the mRNA by reverse transcriptase-polymerase chain reaction and Northern blotting or targeting the DNA by fluorescence in situ hybridization (FISH), chromogenic in situ hybridization, and Southern blotting. There is no consensus with regard to the optimal test for HER-2 assessment. This lack of consensus may in part be logistical, and not entirely based on the available science and clinical data.
The most widely used assays are immunohistochemical analysis and FISH, both Food and Drug Administration (FDA) approved, which measure protein expression and gene amplification respectively. In breast cancer a treatment with trastuzumab is generally suggested when a concordance between these two techniques is found (58) . Immunohistochemical studies reported 11 to 73% variation of HER-2 overexpression in invasive ADC associated with BE, possibly reflecting the well-known inherent problems of immunohistochemistry in quantification and interpretation of the HER-2 status (59).
We reported in a previous paper (60) the potential critical role for HER-2 in the pathogenesis of esophageal carcinoma (Fig. 3) . Although this study reports on a small series and validation is required on a larger analysis, it seems that sev- eral points merit attention: a) HER-2 is associated with distinct stages of dysplasia arising in BE; and b) HER-2 is associated with the progression of dysplasia and shows a trend toward a shorter time-to-progression (TTP). The endpoints were the occurrence of progression and the TTP from the initial histologic lesion to the worst pathological pattern. So, according with other articles which studied the risk of BE progression by endoscopic and histological features (61), we think that the identification of biomarkers could help in the evaluation of cancer TTP. Recently, we considered HER-1(EGFR), another member of the epidermal growth factor family (EGF-family). Both EGFR and HER-2 receptors are targets for immunotherapy, and for this reason their protein expression and gene amplification are widely investigated. In this case, studying EGFR we found a different behavior compared to HER-2, in fact IHC proved that EGFR protein overexpression in gastrointestinal cancers is common but FISH assessment showed that EGFR gene amplification is rare (62) .
TOPOIIa gene as well HER-2 is located on chromosome 17q, and they can be co-amplified in cancer. Amplification of both genes has been reported in breast, prostate, gastric, colorectal, pancreatic and esophageal carcinomas (63, 64) . There are 2 isoforms of mammalian topoisomerase II, a and b (65). DNA topoisomerase II catalyzes a transient double strand DNA break, which allows the passage of another DNA duplex through the break before the strands are resealed. TOPOIIa represents the target enzyme for specific anticancer drugs, such as anthracyclines, commonly used for a variety of both hematological and solid cancers, including leukemias, lymphomas and breast cancer. In vitro studies have shown a correlation between the expression level of TOPOIIa in cancer cells and the sensitivity of those cells to topoisomerase inhibitors (66) .
Gene amplification is a tumor-specific event during malignant transformation. Recent studies have proposed a lineage-dependency (addiction) model of human cancer whereby amplification of certain lineage transcription factors predisposes a survival mechanism in tumor cells. It was demonstrated that recurrent amplification at 18q11.2 occurs in 21% of esophageal adenocarcinomas. Using an integrative genomic strategy reveals a single gene, the embryonic endoderm transcription factor GATA6, as the selected target of the amplification. Overexpression of GATA6 is found in esophageal adenocarcinomas that contain gene amplification. Patients whose tumors carry GATA6 amplification have a poorer chance of survival. We show that ectopic expression of GATA6, together with FGFR2 isoform IIIb, increases anchorage-independent growth in immortalized Barrett's esophageal cells. Conversely, siRNA-mediated silencing of GATA6 significantly reduces both cell proliferation and anchorage-independent growth in esophageal ADC cells. It seems that selective gene amplification of GATA6 during cancer development sustains oncogenic lineage-survival of esophageal ADC (67) .
COX-2, CDX2, CDC-2
Cycloxygenase 2 (COX-2) is a protein which acts as an enzyme and specifically catalyzes the production of certain chemical messengers called prostaglandins. Some of these messengers are responsible for promoting inflammation. When COX-2 activity is blocked, inflammation is reduced. An increased expression of COX-2 was found in both BE and ADC (68) , therefore the use of COX-2 inhibitors might have a role to reduce progression, but studies are limited (69) . Caudal-type homeobox transcription factor 2 (CDX2) is the gene that directs early embryogenesis in mice. It is required to form the placenta. Ectopic expression of CDX2 was reported more than 85% of the human patients with acute myeloid leukemia (AML). Ectopic expression of CDX2 in murine bone marrow induced AML in mice and upregulate Hox genes in bone marrow progenitors (70) . In other studies CDX2 seems to be important because its expression appears to be largely restricted to cells of intestinal derivation and it is thought to have an important role in the early differentiation and maintenance of intestinal epithelium through the transcription of an intestinal specific gene. Thus, CDX2 may be helpful for a more precise diagnosis of BE (71) .
Cell division cycle 2/cyclin-dependent kinase 1 (CDC2/CDK1) is a catalytic subunit of a protein-kinase complex which induces the onset of mitosis and it is universally present in eukaryotes. Only a few studies exist on the immunohistochemical expression of CDC2 in esophageal ADC and in BE in particular (72) . Some COX-2 studies in this setting did not find differences between BE with and without dysplasia (73, 74) , whereas other authors reported an increase of COX-2 expression by immunohistochemistry in the sequence BE-LGD-HGD-ADC, confirmed by immunoblotting (43) , and a significant increase in the progression from LGD to HGD was reported in another investigation (75) .
Concerning CDX2, in our article (10) we found there was an absence of expression in the squamous esophageal epithelium, as also found in other studies (76); however, it is possible that by employing a mRNA detection technique results may differ (77) . The fact that this protein was expressed in almost all BE patients, with and without dysplasia, confirms the usefulness of this marker to identify BE, especially in doubtful cases. Particularly interesting was the difference in expression between LGD and HGD, as also reported in other authors' experience (78) . In particular, there is an initial upregulation of CDX2 in intestinal metaplasia, followed by progressive decline in its expression from LGD to HGD to adenocarcinoma. However, on the basis of the two different types of dysplasia described in BE (18) , related to separate gastric and intestinal pathways of carcinogenesis, in the literature this downward trend of CDX2 upregulation along the neoplastic progression was observed only in cases with adenomatous dysplasia but not in cases with foveolar dysplasia (79) . This evidence suggests a role for CDX2 as a tumor suppressor in the metaplasia-dysplasia-carcinoma sequence in the intestinal but not in the gastric pathway. This different expression pattern of CDX2 could be due to different pathways leading to the malignancies arising in the two districts (80) .
In normal esophageal tissue CDC2 was expressed in the parabasal layer (proliferative compartment) and occasionally in inflammatory elements of the lamina propria and the submucosa. A diffuse positivity for CDC2 expression was also found in ADC arisen in BE, with a significant progressive increase in relation to the degree of neoplastic differentiation, thus, this marker could find a useful application in distinguishing cases of BE without dysplasia from those associated with LGD or HGD (81) . Moreover, CDC2 could play a role as a proliferation index and as potential target for potential therapeutic approaches aimed at blocking the CDC2/cyclin B complex, and thereby preventing the start of cellular mitosis. In conclusion regarding the analysis of COX-2, CDX2 and CDC2 in cancer progression, this study shows that particularly CDC2 (a marker with potential value for the identification of intraepithelial neoplasms), might have some role in the clinical-pathological assessment of patients with BE (10) (Fig. 4) .
Recently it was demonstrated that enhancing the expression of CDX2 by stimulation with bile acids it was possible induce intestinal differentiation of esophageal columnar cells by interaction with the Notch signaling pathway (82) . Furthermore, a correlation with the apical sodium-dependent bile acid transporter (ASBT) expression was found for CDX1, CDX2, and HNF-1a in BE biopsies, which suggests the human ASBT promoter is activated transcriptionally by CDX1 and CDX2 and provides a possible explanation for the reported observation that ASBT is aberrantly expressed in esophageal metaplasia that also expresses CDX transcription factors (83) .
CONCLUSION
The ultimate goal of cancer surveillance and prevention programs is to identify those patients at high risk of developing a certain cancer, in order to treat the precursory condition, or to identify the invasive cancer at a very early stage. Another aim in cancer research and treatment is to combine the new findings in tumor markers studies and advanced treatment and therapy. Concerning esophageal ADC, the identification of intestinal metaplasia, i.e. BE and dysplasia, represents the major risk factor. Patients with BE have an annual incidence of esophageal carcinoma between 0.5 and 1%. Therefore, the histopathological classification of the grade of dysplasia in BE is the only currently accepted method for risk stratification of patients. However, progression from one lesion to another and lastly to cancer typically occurs with a long latency and shows considerable inter-individual heterogeneity. The risk factors are well known but the real impact of molecular markers is a knowledge which should be better understood. Thus, the identification of different dysplastic conditions is a poor predictor for how rapidly a patient will ultimately progress to cancer and the search for new markers useful for patients' treatment is desirable and strongly suggested. 
